FURRIA

SIRIRIETR LIS B i

TECHNICAL MEMORANDUM NO 10

A e ,
AY

~.

HUMAN HEALTH RISK ASSESSMENT

903 PAD, MOUND, AND EAST TRENCHES AREAS
OPERABLE UNIT NO 2

TOXICITY ASSESSMENT

DRAFT

ROCKY FLATS PLANT

US DEPARTMENT OF ENERGY
Rocky Flats Plant
Golden, Colorado

ENVIRONMENTAL MANAGEMENT DEPARTMENT

July 1993

DOCUMENT CLASSIFICATION
REVIEW WAIVER PER
CLASSIFICATION OFFICE




Woodward-Clyde €@
Federal Services

Engineering & sciences applied to the earth & its environment

July 22, 1993

Ms Annette Primrose
EG&G Rocky Flats, Inc

P O Box 454, Building 080
Golden, CO 80402

RE Submuttal of Draft Technical Memorandum No 10

Toxicity Assessment
Rocky Flats Plant, Operable Unit No 2
BOA BA 56801 PB, Requisition BA 71956 PB

Dear Annette

Enclosed are 12 copies of the Draft Technical Memorandum No 10, Toxicity Assessment, 903

Pad, Mound, and East Trenches Area, Operable Unit 2 for your review and comment

We look forward to receiving your comments

Sincerely,

wre # (oered

athleen M Power
OU-2 Project Manager

Kcna West

Risk Assessment Task Manager

(4034 264) (Primrose Itr) (07/22/93 9 25am)

Stanford Place 3 Suite 1200 ® 4582 South Ulster Street ® Denver Colorado 80237 2637
303 740 2700 e Fax 303 740 2705

ADMIN RECORD

v o Benesne pochiat seoBandie e Hilens e T Sttt 1

w ® e



TECHNICAL MEMORANDUM NO. 10

DRAFT

ROCKY FLATS PLANT

U.S. DEPARTMENT OF ENERGY
Rocky Flats Plant
Golden, Colorado

ENVIRONMENTAL MANAGEMENT DEPARTMENT

July 1993
gi DOCUMENT CLASSIACATION
—ter ADMIN RECORD CLASSIRCATION OFFICE

e
T T . e o — i o em P 7V S T P TR oy v o T -




TABLE OF CONTENTS
10  INTRODUCTION 1-1
20 BACKGROUND .7 2.1 1
V.
21  NONCARCINOGENIC TOXICITY FAéEQ OR CHEMICALS  2-1
22  CARCINOGENIC TOXICITY FAC{%}S FOR CHEMICALS 2-2
23 RADIATION TOXICITY FACTORS™ “\\? 2-5
;7 ’
30 TOXICITY FACTORS e 3-1
S
K v /9,3 \"w\
31  INHALATION AND ORAL TQXICITY FACTORS 3-1
32 DERMAL TOXICITY FACTGRS 4\ 3-1
33 ONSTANTS AND ABSORPTION
4 3.5
4-1

—or (4034-264) (TM 10) (07/22/93 10-07am) 1

4
o
e e s - [ SR B e S e S ,u@weamiwumﬁ

ATt AT e it 0,



1.0
INTRODUCTION

The purpose of a toxicity assessment 1s to evaluate the tox1cxtyﬁg\nd estimate the dose-response
relationship for chemicals of concern This Toxicity Assessﬁxqpf Technical Memorandum No
10 contains the carcinogenic and noncarcinogenic toxxc;ty factors which are proposed for use
in the human health risk assessment to describe the tomc;%o"ﬁgotennal chemicals of concern
at Operable Unit No 2 at the Rocky Flats Plant 1n %;,den, Potential chemicals of
concern are chemicals and radionuclides whose preserite at OU-2 is'related to plant operations
In the OU-2 human health risk assessment, congéngtations of selected chémucals of concern will
be multiphied by chemical intakes to estimat %ose, and those doses will be combined with the
toxicity factors presented in this technica smorandum to estimate potential excess hifetime
cancer risk and noncarcinogenic health K;Qai’d&j

Chemicals of concern for OU-2 were selected us}fg‘s\t;‘ashed procedures from EPA guidance
fheTes s of the sele ign process are presented in Technical
Conegrn (USDOE July 1993)

Noncarcinogenic responses are typncaﬁy\ch acterized by a threshold value The threshold value
1s a dose of a chemic lowswhich aagersg effects are not expected to occur Above the
threshold dose, progcmsxblogmal m%gﬁamsms may not be effective EPA policy 1s to
assume that carcmbggfuc re;ﬁogmyo threshold This assumption results in some finite
cancer risk at any.g ' métter how"

The two praicipal i cnty for chemicals (nonradioactive) are the reference dose
(RID) mdﬁmr ¥§F) “Fiese values are derived by the EPA for the most commonly
occurging and the most toxic chemicals generally associated with chemical releases to the
envfr%ﬁm t (USEPA ﬁ9?2a and 1993) An RfD can be considered a threshold dose that
incorporates a mb§£ of'safety factors to ensure that 1t 1s protective of the health of all human
populat1ons;\?'i'l!:l‘;\{\%lE ensitive subgroups (e g, children and the elderly) RfDs are typically
reported as dose of‘a chemical per unit body weight per day As long as the chronic daily

intake of a chemical 1s less than the chronic reference dose, noncarcinogenic health effects are

not expected to occur

Slope factors are used to estimate the upper-bound probability of an individual developing
cancer as a result of exposure to a potential carcinogen Potential carcinogens according to

v
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EPA are given an EPA weight-of-evidence classification The weight of evidence system 1s used
as a means to describe the level of confidence in the data used to identify a chemical as a
human carcinogen (USEPA 1989)

A toxicity evaluation of radionuchides has certain fundamental differences from nonradioactive
chemicals Adverse effects of internal exposure to radionuclrdes are related to the energy level
and residence time 1n the body of radionuchides deposited-in ; y’;nous body tissues Duration of
exposure 1s determined by the residence time of the ,ﬁ‘dm%n\’ém‘ie Adverse health effects of
external exposure to radionuchdes are determined /gygt’i;e\krgy* vel and duration of the
exposure (1 €, time spent at the exposure point) \

EPA assumes that any dose of radiation hasffhgéf)otentlal to produce carcinogenic effects (no
threshold) EPA does not recommend the eavaLﬁatloNf noncarcinogenic effects of radionuchides
because the impacts have been shown t%&“&ggmf;ﬁant compared to carcinogenic effects at
most EPA Superfund sites with radnonuchdé‘sggtamgatmn (USEPA 1989) The relationship
between dose and carcinogenicity 1s relatively well.deseribed for high doses of most types of
radiation (1 e, alpha and beta particlés-and gamma rays)Eisenbud 1987) Exposure to multiple
radionuchides 1s often expressed \i‘n téMtota fadiation dose by consideration of the target
organ effects of individual radlons 'd%‘i&; “Thé totat radiation dose to the human body 1s of

bkSr:t than the individual contributions of radiation from

greater concern In a toxicity assessm

radionuchides PN AR
, m ’ s
USEPA has develgpsﬁ bothjntemi“&;?nhalatxon and ngestion) and external slope factors

for the carcmogéx s¢’to radiontichde exposure (USEPA 1992a and 1993) Although
more recent data on‘radio chde dose-response relationships than that used to develop the
EPA slope ors 1S availa the BEIR V report and ICRP Publication No 60), 1t has not

yet been’” am By ERA refore the currently approved EPA slope factors (USEPA
1992a) wtﬂ be used 1n the%oxncnty assessment section of the human health risk assessment for

ou:2. ~ ;

x #
‘m\% e

& ¢
The RfD anMvatiiga“érhxch will be used in the OU-2 risk assessment were obtained from the
following sources )

. EPA'’s Integrated Risk Information System on-line database (USEPA 1993)

. EPA’s Health Effects Assessment Summary Tables (USEPA 1992a)

(4034-264) (TM 10) (07/22/93 10 07am) 1-2
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Section 2 0 of this toxicity assessment technical memorandum discusses the basis of toxicity
factors Noncarcinogenic toxicity factors are addressed in Section 2 1, carcinogenic factors in
Section 22, and radiation factors in Section 23 Section 3 0 presents the chemical-specific
toxicity factors which will be used 1n the risk assessment to estimate toxicity for the chemicals
of concern 1n groundwater and in surface and subsurface son.l} at OU-2 Section 3 1 presents
toxicity factors for inhalation and ingestion exposures Sectufn 3 2 discusses dermal exposure,
including the use of oral toxicity factors for dermal exposugé and presents the chemical-specific
dermal permeability constants which will be used 1n thé’ 0____ Ng\man health risk assessment

(4034 268) (TM 10) (07/22/93 10:0Tam) 1-3
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20
BACKGROUND

The following sections discuss the basis for each of the three types of toxicity factors proposed
for use in the toxicity assessment of the OU-2 human health risk assessment The three types
of toxicity factors represent noncarcinogenic health effects from exposure to chemucals,
carcinogenic health effects from exposure to chemicals; an\d%éat%cmogemc health effects from

Ny

exposure to radionuchdes s N

S

.
21 NONCARCINOGENIC TOXICITY FAGI?&RS FOR CHEMICALS

Substances that produce noncarcinogenic foect{; ar%neraﬂy thought to have a threshold dose
below which there are no observable adve(se%h@ﬁh ffects In developing a toxicity value for
noncarcinogenic effects, the approach used . 1s to 1dentify this threshold dose, or no-
observed-adverse-effect level (NOAEL), through
epidemiological (human) studhés - NOAEL Nef ned as an expermmentally (or
epidemiologically) determined h?Eh Wa ‘which-shere was no statistically or biologically
significant effect of concern For%ertaui syé?f?ﬁiés, only a LOAEL, or lowest-observed-
adverse-effect level, has been determlﬁed This 1s the lowest dose of a substance that produces

either a statistically or W s1gmﬁdqn§‘mdxcatmn of the crnitical toxic effect The NOAEL

dies, with experimental animals or from

or the LOAEL may bé ysed 11k conjunction wth appropriate uncertainty factors to calculate the
RfD (reference dose)/of a Eﬁrtlcmz?MCal (USEPA 1989)
o, 7 N

The majority of our toxscolo, l knowledge of chemicals comes from expersments on laboratory
animals E)ﬁﬁéﬁﬂ%ﬁm\a Ma historically have been relied upon by regulatory agencies
and other pmmhps%{o assess the hazards of human chemical exposures Although this
rehanze has been generally supported by empirical observation, there are known interspecies
dlfferenc&\m chemical absorption, metabolism, excretion, and toxic responses There are also
uncertamhes éb'n.gernmg the relevance of animal studies using exposure routes (1 e, intravenous
mjection) that f}éi‘ fcﬁin the human exposure routes under consideration Additionally, the
extrapolation of restits from short-term or subchronic animal studies to long-term exposures in
human has inherent uncertainty (USEPA 1989)

Despite the limitations of experimental amimal data, such information 1s essential for chemical
toxicity assessment, especially in the absence of human epidemiological evidence The
uncertainty factors used in the derivation of RfDs are intended to compensate for data

(4034 264) (TM 10) (07/22/93 10-07am), 2-1
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limitations The use of uncertainty factors 1s conservative by design and is meant to result in
protective RfD values (USEPA 1989)

The EPA has developed various types of RfDs depending on the exposure route (ingestion or
mhalation), the critical effect, and the length of exposu&g being evaluated (chronic or
subchronic) The EPA bases the RfD on the most sensntWe )gimmal species tested (1 e, the
spectes that experiences adverse effects at the lowest do,sé) “RfDs are typically calculated by
dividing the NOAEL (or LOAEL) by uncertainty factors; wk “ nerally range from 10 to 1000
EPA has developed a standard set of uncertamtyffag(brs

sensitivity of individuals within a population and thé\“éxtrapolatxon :

o nt for variations i the

ta from experimental
animals to humans The RfD 1s expressed in {ym{gs of milhigrams of per kilogram of
body weight per day (mg/kg-day) for oral €xposure Reference air concentrations (RfCs)
expressed 1n milligrams of chemical per cubic ﬁ;ater air (mg/m®) may be available to evaluate
inhalation exposure A body weight of 7, ké‘nQ a respiration rate of 20 m®/day are used to

convert the RfC to a dose (mg/kg-day) The\xméhg\?:gy for deriving RfDs 1s more fully
described 1n the EPA’s current human health risk asses! tent guidance (USEPA 1989)

v
The EPA defines a chronic Rf& a?QMnmate of.a dally exposure level for the human
population that 1s unlikely to result%ig dklg,(erﬁ?ffécts during a hfetlme (70 years, according
to EPA guidance) A chronic RfD 1s ‘usedfto evaluate the potentlal noncarcinogenic hazards
cheh\écal exp ure§ (7 years to a lifetime) Subchronic RfDs have
been developed to ¢} ar icterize potential noncarcinogenic hazards associated with short-term
Fhe EPA déﬁﬁ?‘s?@hronxc exposure as periods ranging from 2 weeks to
St - MS tend to be higher for many chemicals, generally by
one order of magnitu RfDs because of the shorter exposure duration
N "

Section 3 O,pme ral ant¥inhalation RfDs for each chemical of concern for OU-2

e j "%
22 4 WINOGENIC TOXICITY FACTORS FOR CHEMICALS

sed by potential carcinogens, 1t 1s the common practice of the EPA to

associated with long-te

chemical exposure
&

7 years (USEPAN1989)

conservatively assuiwe that any exposure level 1s associated with a finite probability, however
minute, of producing a carcinogenic response  EPA assumes that a small number of molecular
events can evoke changes 1n a single cell that can lead to uncontrolled cellular proliferation
This mechanism for carcinogenicity is referred to as "non-threshold" since there 1s theoretically
no level of exposure for such a substance that does not pose a small, though finite, probability
of producing a carcinogenic response The EPA uses an evaluation process in which the

(4034 264) (TM 10) (07/22/93 10-07am) 2-2
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3

substance 1s assigned a weight-of-evidence classification The weight-of-evidence classification
describes the degree of confidence likelihood, based on scientific evidence, that the substance
1s a human carcinogen Table 2-1 defines the current EPA weight-of-evidence classification
system A slope factor (SF) is then calculated that quantitatively defines the relationship
between average hifetime dose and carcinogenic risk (USEPA 1989)

$ {’*

Slope factors for most chemicals are usually based upor/’ thei results of animal studies The
majority of our toxicological knowledge of chemncals;ﬁgor;}gg\k am experiments on laboratory
animals Experimental amimal data historically hav n relted upap by regulatory agencies
and other expert groups to assess the hazards of huﬂ{%‘n chemicale . ures Although this
rehiance has been generally supported by empxﬁc? observation, therea ‘e known interspecies
differences 1n chemical absorption, metaboh}m gxcretion, and toxic responses There are also
uncertainties concerning the relevance of amn}a’i stu}d;qg using exposure routes (1 € , intravenous

injection) that differ from the human exﬁqsu?&ggutgéy under consideration (USEPA 1989)

Despite the limitations of experimental ammal data;.suchynformation 1s essential for chemical

toxicity assessment, especially /'thé ce of human pidemiological evidence There is
uncertainty whether all animal Mrcmogemc in humans While many
chemical substances are carcmogemg@ukoge gﬁp\“‘i’é& amimal species, only a small number of
chemical substances are known to be E\lmaﬁ’ carcinogens The EPA assumes that humans are
as sensitive to all anim rcinagens as fhe?“nost sensitive animal species This policy decision

1s designed to prevgm ndekestimating rﬁk‘ and introduces the potential to overestimate

carcinogenic risk &@SIEPA 1989)
4

¢
&

at low dogs“’ in humans", The B ’. uses a conservative mathematical model, the linearized
multlst’age model, for ldw-dose extrapolation The EPA further conservatively estimates the
uppe“leSt ercentile cgnédence limit of the slope of the resulting dose-response curve This
SF valuz\‘“%xpres.ged ;ﬁ‘ usiits of risk per mg/kg-day or (mg/kg-day)?, 1s used to convert the
average dady\s@;g chemical, averaged over a lifetime, to an excess incremental Lifetime
cancer risk  This répresents an estimation of an upper-bound incremental lifetime probability
that an individual will develop cancer as a result of exposure to a potential carcinogen This
model provides a conservative estimate of cancer risk at low doses, and 1s likely to overestimate
the actual cancer risk  The EPA acknowledges that actual slope factors are likely to be between
zero and the estimate provided by the linearized multistage model (USEPA 1989)

(4034 264) (TM 10) (07/22/93 10-07am) 2-3
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TABLE 2-1
EPA CARCINOGENICITY WEIGHT-OF-EVIDENCE

Group A  Human carcinogen (sufficient evidence of carcinogencuty in humans)
Group B Probable human carcinogen

Group Bl Limited evidence of carcinogenicity in humans

Group B2  Sufficient evidence of carcnonogemclty in animals - hadeq uate or lack of evidence

' humans /S ’”\:x

4, A
Group C  Possible human carcinogen (limited evidence q(gr%mogemcxty 1n al
or lack of human data) s 7
ff f’ﬂ
Group D  Not classifiable as a human carcmogen;{mﬂequa(c\or no evidence)

Group E  Ewvidence of noncarcinogen for human
studies)

(4034-264) (Tbl-21.x1s5) (7/21/93 4 49 PM)
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The slope factors and weight-of-evidence classification for the chemicals of concern at OU-2 are
presented in Section 3 0

23 RADIATION TOXICITY FACTORS

EPA provides guidance in the Health Effects Assessment S!;t;np‘ary Tables (USEPA 1992) that
lists cancer slope factors for selected radionuchides of pétqgtlal concern at Superfund sites
These values were calculated by the Office of Radnanofri' . and are intended for use 1n
human health risk assessments EPA classifies all radionuchidés.as Group A carcinogens based
on the extensive weight-of-evidence provided by ep?a‘é}nnologncal Sty dies~of radiation-induced
ERCLA radiation sites

cancers in humans According to EPA, potentyﬂ health risks at most
are usually based on the radiotoxicity, ratherthan chemical toxicity
i

AR
Radionuclides that enter the body may b‘bqo?ﬁ%.@ﬁtgﬁxcally incorporated and emit alpha, beta
or gamma radiation for the duration of the raﬁmgud%:tnme The potential adverse effects
n

of radiation are proportional to energy depo}ho\bq; e energy deposited in tissues 1s
proportional to the decay rate and the-type of radiation’ of a radionuclide, and not its mass

(USEPA 1989) Radionuclide 1nti§e“’i§"typagall expressed 1n terms of activity, either Curies or
Becquerels (Bgs) rather than m? s“&(gfé) f‘%’ﬁéﬁy refers to the number of nuclear
disintegrations per umt time The historic sinit of activity 1s the Curie (C1) that 1s equal to 3 7
x 10" disintegrations Q@ The $1 Eﬂxsteme Internationale) unit of activity 1s the Bq,
equal to one d1snnt?g1@f§;%er§second (?&Bﬁ =27 x 10" C1) USEPA slope factors are
provided 1n bot?f’hgﬁs, Rw“‘ocﬂgﬁs:?ﬂ}' (pCr or 1 x 102 C1) and Bq This technical
memorandum USW%};}E unit of activity, the Cune

e, ~

USEPA slop& Tactor are characterized as best estimates (median or 50th
percent))g; the ag aged,lifetime excess total cancer incidence (fatal and nonfatal) risk
per unit/exposure to a; rfaédnonuchde The USEPA slope factors are based on the umque
chergf;ﬁcgl,\m\gtabohc apd radiological properties of individual radionuchdes They were
calculatéMsffi‘g\g ngi-th’;;'eshold, hinear dose-response model The model accounts for the
amount of r%ﬁéﬁdéf absorbed 1nto the body, distribution and retention, as well as the age,
sex and weight of ?ﬁw{verage individual Therefore, USEPA slope factors for radionuchdes are
not expressed as a function of body weight or time, and do not require corrections for
absorption or lung transfer efficiencies (USEPA 1992)

Ingestion and inhalation slope factors estimate risk per unit of activity inhaled or ingested
expressed as risk/pC1 External exposure slope factors are best estimates of risk for each year

(4034 264) (TM 10) (07/22/93 10-07am) 2-5
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of exposure to external radiation from photon-emitting radionuchides distributed uniformly in
a thick layer of soil, and are expressed as risk/yr per pCi/gram soil It should be noted that the
dose delivered to tissues from external radiation occurs only while the radiation field 1s present
However, the dose delivered to body tissues due to internal radionuchides consumed 1n soil,
water, and/or food continues long after intake of the radlonuc\l;de has ceased

Radionuchde concentrations 1n air, water or soil are llgsﬁlt%i lied by intake rates for internal
exposure, or by exposure times for external exposurﬁ a bn\multnphed by USEPA slope
factors to estimate potential health risk Radionuclide ,mtak be multiplied by a dose
coefficient to estimate equivalent dose, which cap then be com radiation protection
standard Differences in the biological effects of d;ﬁ'erent types of nomzmg radiation (1 e, alpha,
beta, gamma) are accounted for in the dose gbejfxcxents Equivalent dose can be calculated for
the whole body when there 1s uniform m'idnﬁnon g&gll tissues, or for individual organs when
selected tissues are irradiated non-urﬁiprrﬁ{x,g /ﬁem (radiation equivalent man) 1s the
conventional use of dose equivalent The con esp/ ding SI unit, the Sievert, 1s equal to 100

rem Absorbed dose 1s the energy deposited by 10%
material (1 e, tissue) ITonizing radiation

adiation per unit mass of absorbing
ean.only have adverse effects on biological tissues when

the radiation 1s absorbed 1n tlSS . M éventlon
per gram The SI unit, gray, 1s eq\?ﬂ\?&@}oﬁ ?ﬁw
P
The slope factors az?ffg’h’ttgl\evndence&&ja&iﬁcatmm for the radionuclides of concern at OU-2
iof 30

A
are presented in S

anit 1s the rad which 1s equal to 100 erg

£

'
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TOXICITY FACTORS

This section presents the toxicity factors for noncarcinogenic gag@d carcinogenic chemical health
effects and radiation health effects which are proposed for use the toxicity assessment of the
human health risk assessment for OU-2 It also includes afd1§éuss1on on the approach proposed
for selecting toxicity factors for dermal exposure ’ Sl TN

S NN

3.1  INHALATION AND ORAL TOXICITY E%&‘ORS N\ N
LW

&
Ve

Table 3-1 contains the toxicity factors forfnoﬁcarcmogemc health effects (RfDs) and for
carcinogenic health effects (slope factors) for ten% chemicals of concern at OU-2 Toxicity
factors for inhalation and ingestion expéwré@.(g* ‘Ingfuded the table if available The sources
of the toxicity factors are EPA’s 1992 Heaﬁr«@ffeﬂs Assessment Summary Tables (HEAST)
and the Integrated Risk Information System (IRIS chemicals where a toxicity factor has
been withdrawn by EPA and 1s EW roethene) the 1991 HEAST value, if
available, 1s proposed for use in the rifk-assessmen e weight-of-evidence for chemicals with
carcinogenic toxicity factors 1s also\ncfhdgd uf Tabte 3-1

~ f

Table 3-2 contains the Leﬁ’i'gft%ctors fo%*var&;‘nogemc health effects of radionuclides of concern
due to inhalation, g?sm and externakgexposure EPA considers the critical effect of
radionuchdes to be cﬁcnnogénesm weight-of-evidence to be Class A, definite evidence

of human carcmoggf‘&qf
32 D \Tm?*mons

Oral to:gclty factors arq generally used to evaluate the toxicity of chemicals absorbed through
the skin aa;mg dermalgcontact with contaminated media This approach 1s acknowledged by
EPA (ﬁm\\?w)f Qral toxicity factors relate the toxic response to an administered (1 e,

ingested) dose cﬁexyfcals only some of which may be absorbed by the body, whereas dermal
absorption results "an absorbed dose of chemicals Because of this, EPA (USEPA 1989)
suggests adjusting the oral toxicity factors by chemical specific gastrointestinal absorption rates,
if available, to yield toxicity factors for dermally absorbed chemicals Since chemical-specific
gastrointestinal absorption rates are not available for most chemicals, this approach has not

(4034 264) (TM 10) (07/22/93 1 23pm) 3-1
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TABLE 3-1
TOXICITY FACTORS
Oral Slope Oral RfD Inhalation Slope  Inhalaton RfD  Weight of
Analyte 1/(mg/kg/day) _(mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Evidence
1,1,1,2-tetrachloroethane 2 6E-02 (1) 3 00E-02 (1) 2 60E-02 (1) - C
1,1,1-tnchloroethane - 9 00E-02 (2) - 3 00E-01 (2) -
1,1,2,2-tetrachloroethane 2 00E-01 (1) - 2 00E-01 (1) - C
1,1,2-tnichloroethane 5 70E-02 (1) | 4 00E-03 (1) 5 70E-02 (1) - C
1,1-dichloroethane - 1 00E-01 (3) - A 1 40E-01 (2) C
1,1-dichloroethene 6 00E-01 (1) | 9 00E-03 (1) 1 755@1}{1) - C
1,2,3-tnchloropropane - 6 00E-03 (1) - - -
1,2,4-tnichlorobenzene - 1 00E-02 (1) 7 g 3 00E-03 (2) .
1,2-dibromo-3-chloropropane 1 40E+00 (2) - ﬁ pﬁ;}i}t 5 00E-05 (1) B2
1,2-dibromoethane 8 50E+01 (1) - .~ F60E 2) ", - B2
1,2-dichlorobenzene - 900E-02(1) I/ - \\005-02 Q) -
1,2-dichloroethane 9 10E-02 (1) 9 10E-02(1) |~/ - B2
1,2-dichloroethene - 9 OOE-Oaf ; - - -
1,2-dichloropropane - - 1 00E-03 (1) -
1,2-dimethylbenzene (o-xylenc) - 2 Oﬁ-}tﬁ ¢)) - - -
1,3-dimethylbenzene (m-xylene) . %\SV D ; .
1,4-dichlorobenzene 240E02(2) | - g - 2 00E-1 (2) c
2-butanone - 6 OW - 3 0E-01 (1) .
4,4'-DDT 3 40E-01 (1) | 5 00E-04 ( 40E-01 (1) - B2
4-methyl-2-pentanone - y.5 00E-02 (2) \Wf . 2 00E-02 (2) .
acenapthene "N e 6 | - - -
acetone - %Y ) -01 (1) "‘:? - - -
anthracene - %\Q 30 R - - -
antimony - . 4°00E204 (1) - - -
Aroclor-1254 +00 (1) [ % s- - - B2
arsenic }JQE 0] 3&0]%504 ) 1 50E+01 (1) - A
barum N 7 00EA02 (1) - 140E-04 (2) .
benzene 7 A 29008ty - 2 90E-02 (2) - A
benzo(@anthracene ;< ngmwwf . . . B2
benzo(a)pyrene \ +00 (4) - 6 10E+00 (2) - B2
benzo(b)fluoranthene 4 5 <01 (4) - - - B2
benzo(k)fluoranthene~""" OE-01.(4) - - - B2
benzoicacd - : . / 4 00E+00 (1) - - -
bis(2-ethylhexybphthalate ) ‘1{ 40E-02 (1) | 2 00E-02 (1) - - B2
bromodichloromthane 6 20E-02 (1) | 2 00E-02 (1) - . B2
bromoform 7.90E-03 (1) | 2 00E-02 (1) 3 90E-03 (2) - B2
butyl benzylph \ ;- 2 00E-01 (1) . ; ;
cadmium (food) %f f - 1 0E-03 (1) 6 30E+00 (1) - Bl
cadmium (water) - 5 00E-04 (1) 6 30E+00 (1) - B1
carbon tetrachlonde ”’ 1 30E-01(1) | 7 00E-04 (1) 5 25E-02 (1) - B2
chlorobenzene - 2 00E-02 (1) - 5 00E-03 (3) -
chloroethane - - - 3 00E+00 (1) -
chloroform 6 10E-03 (1) | 100E-02 (1) 8 00E-02 (1) - B2
chloromethane 1 30E-02 (2) - 6 30E-03 (2) - C
chromium I11 - 1 00E+00 (1) - - -
chrysene 5 80E-02 (4) - - - B2
ci1s-1,2-dichloroethene - 1 00E-02 (2) - - -
Sheet 1 of 2
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TABLE 3-1

Oral Slope Oral RD Inhalation Slope  Inhalaion RfD  Weight of

Analyte 1/(mg/kg/day) (mg/kg/day) 1/(mg/kg/day) (mg/kg/day) Ewvidence
cis-1,3-dichloropropene - 3 00E-04 (1)* - 5 00E-03 (1)* B2
cumene - 4 00E-02 (1) - 3 00E-03 (2) -
cyamde - 2 00E-02 (1) - - -
di-n-butylphthalate - 1 00E+01 (1) - - -
di-n-octylphthalate - 2 00E-02 (2) - A - -
dibromomethane - 1 00E-02 (3) s 4 - -
dichlorodifluoromethane - 2 00E-01 (1) PR 5 00E-02 (3) -
diethy! phthalate . 8 00E-01 (1) 54 - -
cthylbenzene - TOOEOL () |/ e ™ | 300E-01(1) -
fluoranthene - 4 00E-02 (1) |, jf - N“M - -
fluorene - 4 00E-02 (1) |™ - \ -
heptachlor epoxide 9 10E+00 (1) | 130E-05 (,m 9 10E+00 (1) \Mf B2
hexachlorobutadiene 7 80E-02 (1) Y, 7 80E-02 (2) C
hexachloroethane 140E-02(1) | 1 oom" /"1) 1 40E-02 (1) C
indeno(1,2,3-cd)pyrene 5 80E-01 (4) - - B2
manganese . 1 051—: 13)/ f&t‘f\ . 1 10E-04 (1) .
mercury - -04“(‘23 4 - 9 OE-05 (2) -
methylene chlonde 7 50E-03 (1) 6 00E 1) 1 60E-03 (1) 9 0E-01 (2) B2
molybdenum - 5 00E-03 (1 \ - . -
N-nitrosodiphenylamine 4 90E-01}ﬂ~)»._ - \2 - - B2
naphthalene S - - -
o-chlorotoluene - WZ &N? - . .
p-xylene -0 +00 (1) - - -
pentachlorophenol 1 20E-01(1) \%05432 ) . - B2
pyrene - 00E-02 (1) - - -
silver ;m (43 - - -
styrene / SN 2 00B-61 (1) . 3 00E-01 (1) .
tetrachloroethene S As 192-02%‘37” 02(1) | 180E-03 (3) - B2
thalllum A E-05 (2) - - -
toluene \““w f- 2 00E-01 (1) . 1 10E-01 (1) -
trans-1, 2-dlchloroethene 2 00E-02 (1) - - -
trnichloroethene g %) - 5 95E-03 (3) - B2
vinyl chlonde .1 90 ) - 3 00E-01 (1) - A

&g 4
Sources
1=IRIS \\
2 =HEAST 1992 \
3 =HEAST 1991
4 = EPA Region IV Gmdan\\gebmary 1992
* Values are for 1,3~dichloropropene No data for individual 1somer
- Not classifiable or not carcinogenic or No tonicity value available
j}it: (4040-264) (TH-31.xks) (/2193 4 52 PM) Sheet 2 of 2

P - e W el G g Gk . . P Bonos 10 2Bl E S e 1;%%44'5&&?% .|



my B O G5 @A BN AN N S NP U W BB SR EE SN .

TABLE 3-2 |
TOXICITY FACTORS
FOR RADIONUCLIDES

L - - |

|

Inhalation Slope ~ External Slope ~ Weight of ‘

Oral Slope Factor Factor Factor Ewvidence ‘

Analyte (Rusk/pCr) (Rusk/pCy) (Rusk/yr/pCu/g) J
241 Amencium 2 4E-10 3 2E-08 4 9E -09 A
134 Cesium 4 1E-11 2 8E-11 " 52E-06 A
137 Cesum* 2 8E-11 19E-11 /0 OE+00 A
238 Plutonium 2 2E-10 39E-08 / < 28E-1l A

VRN
239 Plutonium 2 3E-10 38E08 / . “WIE- A
240 Plutonium 2 3E-10 38E-08/ 7B A
226 Radium* 12E-10 3 0E-09-., A
228 Radium* 1 0E-10 6 6E~10 A
Strontium 89 3 0E-12 28EA2 A
Strontrum 90 3 3E-11 S 6E-11 A
Trittum 54E-14 ¢ 18E-14 A
&
Source Heast 1992 NS
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been adopted in this toxicity assessment If dermal absorption of particular chemicals 1s
demonstrated to be a potential significant contributor to overall risk in the risk assessment, a
more detailed analysss of the toxicity factors may be warranted

i3 DERMAL PERMEABILITY CONSTANTS AND ABSQRPTION FACTORS

A

Dermal permeability constants for organic chemical 1n agueous solution are used to estimate
the amount of chemical absorbed from surface water op‘sedg@ém that may be contaminated by
mugration of chemicals of concern from groundwatgr‘ o;:f’surfa o)

Dermal permeability constants for aqueous solmlg;fs are presented 1n E i\’s Dermal Exposure
Assessment guidance (January 1992) and ar;fprﬁposed for use in the risk assessment (USEPA
1992b) Dermal exposure to inorganic cheﬁ"n%e“als ofrcgncem (1€, metals and radionuclides) 1n
groundwater that may migrate to surface‘wat%mud ;édxments will be evaluated qualitatively 1in
the risk assessment

organic chemicals of concern were 13entifieﬂ fgrm%e sous 1n the Draft Chemicals of Concern
Technical Memorandum No 9 for 01%2 (.}ﬁly 1993)

The Chemicals of Cﬁncéf'ml';mcal Merﬁorandum states that the dermal absorbed fraction
of organics 1n subsuxﬁce axﬁ surfacm will be assumed to be 10 percent The following

section provndesW for this assumption

The absorwm 1Me factor equation for dermal absorption 1s the estimated
fractlom/ofxmgounds dhered to sou particles that partitions to and 1s absorbed
through Sfun Percent %a&%orbed depends upon sod loading, organic carbon content of soil,
contam};;ﬁm concentra;ﬁo:i, duration of exposure, animal species used 1n the experiment, and
whether the e)?bgrlmgg s conducted 1n vitro or in vivo  For purposes of this risk assessment,
an upperbounﬁ%qshmaté of absorption rate for organic compounds adhered to soil particles 1s
assumed to be IOWrcent These rates are based on experimental results using B(a)P 1n
acetone or 1n crude oil, and adjusting the absorption rates for shorter exposure duration and

RO
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TABLE 3-3
DERMAL PERMEABILITY CONSTANTS FOR

GROUNDWATER CHEMICALS OF CONCERN

Chemical Kp (cm/hr)
1,2-dibromoethane -
1,1-dichlorethene 1 60E-02
ci1s-1,2-dichloroethene 1 001’.,-92
carbon tetrachlonde 2 f-&!
chloroform 8. 3
methylene chlonde A 50E-03
tetrachloroethene 4 OEMN
tnchloroethene . fﬁ 60B~02 ™,
vinyl chlonde W7 730E03N. .

P, o

Source

Permeability constants taken from

:
¥

-

F
I Exposure Assessment

Principles and Applications, Tab;e‘%-? (EPA 1992)
7L N

- not available

)

(P
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the observed retarding effect of the soil medium! The experimental results are summarized
in Table 3-4, Percent Dermal Absorption of Neat Benzo(a)pyrene at 24 hours Absorption rates
range from 3 to 51 percent at 24 hours The arithmetic mean absorption rate 1s 17 percent, and
the 95 percent UCL on the mean rate 1s 26 percent To adjust these experimental rates to
account for site-specific exposure conditions, it 1s assumed that.the exposed individual showers
within 12 hours of exposure, and that absorption from soi is one-fifth that of the pure
compound (Yang et al 1989, Wester et al 1990) Thergforc the 24-hour absorption rates of
heat B(a)P are adjusted by a factor of 05 for a 12- hqﬁr Axpogux;e and 0 2 for the soil matrix
effect Resulting absorption rates are s

LY ‘\\

S

26 x05x02 = 26 percent ‘
It should be noted that B(a)P 1s one of thef m6re l}pbghxhc of the PAHs, and therefore it may
be absorbed at a higher rate than a numb organic chemicals of concern Also, the
use of dermal absorption values obtained - ental amimal studies will almost always
result 1n a conservative (1 e, higher) estimate of drbed dose 1n humans (EPA 1992b)
Therefore, the dermal absorptnq{:t osed..n this analyéis (10 percent) 1s concluded to be a

conservative estimate of a reasQnaé*n;axn pate of dermal absorption of organic
compounds from soul oo

1 In recent gmdance on dermal exposure assessments (EPA 1992a), EPA has declined to reccommend an absorption rate for B(a)P
1s so1l because of the vanabihity tn experimental conditions and results and the difficulty 1n extrapolating from high soil loadings
(¢ g, tens of mg/cm?) under expenmental conditions to lower loading (¢ g, 1 mg/cm?) typical of human exposures (EPA 1992a)
(B(a)P at concentrations of 1 and 10 mg/kg and soil loadings of 40 to 56 mg/cm,, experimental resuits for percent absorbed at
24 hours ranges from 1 percent [Yang et al 1989] to 13 percent [Wester et al 1990])
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TABLE 3-4

PERCENT DERMAL ABSORPTION OF
BENZO(a)PYRENE AT 24 HOURS

e e AR T I
% BaP Absorbed
Source(1) at 24 hour Preparation Vehicle Dose
Yange et al 1986 6 Rat 1n vivo 9-10 ug/cm”2
17 Rat in vitro 9-10 ug/cm”2
Yang et al 1989 6 Rat 1n vivo 90 ug/cm”2
12 Rat in vitro Py 90 ug/cm”2
Kaoetal 1984 24 Mouse in vitro 1 ug/cm”2
Kao etal 1985 3 Humanmwitro Acetone \‘ ? 2 ug/cm”2
Kao et al 1988 10 Miceinvitro © & Acetone 2 5 ug/em”2
Wester 1990 24 Human in vitrg" Acetone 10 ppm
51 Rhesus monkey.in vivo Acetone 10 ppm
T
o ;"’ 7
Average % absorbed 17 S
N g
95% UCL % Absorbed 2568 \\i\
>
Kaoetal 1984 Toxicology and Applied Pha \
Kaoetal 1985 Toxicology and Apphied Pharmaco!
Kaoetal 1986 Toxicology and Applied Pharmacglo
Yang et al 1986 Toxicology and Industnal Health
Yang et al 1989 Bulletin of Environ, I Contarm ntiand Toxicology 43 207-214
Wester et al 1990 Fundamentals oxicologyl5 10-5 16
(1) The cited studies are from ;ﬁe : erenc;é cn 992 Dermal Exposure Assessment Principles
and Applications (EPA/800 AStudies.not 4ted 1n this table include those conducted
1n previously frozen tissuc'and Simd et al 1984 (m vivo percutancous absorption of BaP 1n mouse)
The latter was excluded becauseumouse.skin has been shown to be 2 5 to S imes more permeable than
skin of other spect hurits aa.ct al 1985, as cited 1n EPA 1992 Dermal Exposure Assessment
Principles and / pl;caﬁom)% S, ,
7 /f )
By %@%;:’N\% f« 4 P
’%\\ ’ fj
/s
T
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